Summary : Between 1980 and 1989, 2,212 
INTRODUCTION
Non-typhoid human salmonellosis occurs primarily as a food-borne zoonosis; epidemiological relationships between human outbreaks and isolations from animal products (meat, milk and eggs) have been demonstrated (11, 17, 18, 21, 24) . While there were variations in the serotypes and phage types predominant in various animal products from time to time (6, 27) , the periods during which each serotype predominated as a cause of human outbreaks tended to correspond with the pre eminence of the serotype in particular animal products.
In this report, the authors present a retrospective analysis of the epidemiological characteristics of outbreaks of food-borne salmonellosis recorded at the Communicable Diseases (Scotland) Unit (CDSU) during the first ten years of the national surveillance programme for food-borne disease.
SOURCES AND ANALYSIS OF DATA
Statutory notification of food-borne infections as "food poisoning" was introduced in Scotland in 1956. A more structured epidemiological investigation mechanism based on voluntary reporting was implemented in January 1980, when Scotland became the first country to participate formally in the World Heath Organisation (WHO) Surveillance Programme for the Control of Food-borne Infections and Intoxications in Europe (8) .
Under this surveillance system, incidents of food-borne diseases are recorded as a "general outbreak" or "household (family) outbreak". A general outbreak is an incident is which two or more individuals from different households experience a similar illness after consumption of the same food, and where biological or other epidemiological evidence implicates the food as the source of the illness. A household (or family) outbreak is one affecting two or more individuals in the same private household which is not apparently connected with another case or outbreak. For general and household outbreaks, detailed clinical and epidemiological data obtained and recorded by the Environmental Health Officer are abstracted on standardised Summary Report forms by the Area or District Community Medicine Specialist. Outbreak report forms are routinely submitted to the CDSU which serves as the National Co-ordinating Centre. Relevant epidemiological data relating to each confirmed episode of food-borne disease were abstracted from the Outbreak Report forms available in files at the CDSU. Abstracted data were analysed by computer.
RESULTS
Between 1980 and 1989, a total of 2,212 outbreaks of food-borne infections were reported in Scotland. Of the 2,073 episodes for which aetiological agents were identified by laboratory testing, 1,732 (84%) were due to Salmonella spp. The other 341 (16%) were due to Campylobacter spp., Clostridium perfringens, Staphylococcus aureus, Bacillus cereus and various other bacterial and viral agents.
The annual incidence of salmonella outbreaks during the ten-year period is summarised in Figure 1 . Of the 1,732 incidents, 1,374 (79%) occurred as household outbreaks and 358 (21%) as general outbreaks. For general outbreaks, a total of 6,027 clinically-infected individuals were involved, giving an average of 16.8 individuals per general outbreak. For both the household and general outbreaks, 956 (10%) of a total of 9,797 people with clinical symptoms required admission to hospital, 43 of whom died. The fatality rate was 4.4 per 1,000 diagnosed cases.
The place where the suspected food was consumed was specified in 1,107 (64%) of the outbreaks (Table I ). In 825 (75%) of these, the foods were consumed in the home (private households), while hotels, restaurants and canteen accounted for 163 (15%) outbreaks. Foods eaten at workplaces, at social gatherings such as wedding receptions, as part of in-flight meals, in hospitals and health-care premises, and in educational institutions (schools) were responsible for the remaining 10% of the outbreaks. 
Food vehicles
The specific food vehicles incriminated were recorded in 603 (35%) outbreaks (Table II) . Of these, 471 (78%) were caused by meat-borne salmonellae and 49 (8%) involved milk as a vehicle. Poultry meat (chicken and turkey) was associated with 332 (55%) of the outbreaks where a food vehicle was specified. Red meat (beef, pork/ham and Iamb) accounted for 104 (17%). Eggs were implicated on 23 occasions, 17 of which occurred during 1988 and 1989. Altogether, poultry products (meat and eggs) were responsible for 355 (59%) of outbreaks with known food vehicles. Table III represents the ranking order of Scottish Health Board areas on the basis of the number of salmonella infection episodes. Eight Health Board areas recorded incidence rates above the national average of 3.35 per 100,000 population per year. The rate for the Greater Glasgow Health Board was 3.5 times below the national average. Although the mean population for the Greater Glasgow area is double that of the Grampian area, the rate of salmonella outbreaks recorded in the Greater Glasgow area is six times lower than in the Grampian area. 
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Outbreaks where infection was acquired in other countries
In 431 (25%) of the incidents recorded between 1980 and 1989, the incriminated food was consumed outside Scotland. Of these, 57 involved infections acquired in England and Wales, and 374 outside the United Kingdom. Of outbreaks originating outside the United Kingdom, 313 (84%) were due to food consumed in one of eleven European countries, with 75% of these originating in Spain and Spanish territories (mainly Majorca, Ibiza and Tenerife). A further 38 (10%) of the imported outbreaks involved food consumed in one of ten African countries (mainly Tunisia, Morocco and Nigeria). 
Salmonella serotypes/phage types
Seasonal incidence
There was a steady rise in the seasonal incidence of outbreaks from February to August, followed by a steady drop from September to December. When analysed on a quarterly basis, a consistent seasonal distribution was observed. Nearly 50% of all outbreaks occurred during the third quarter (July to September).
DISCUSSION
During the first ten years (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) of the WHO Surveillance Programme for Foodborne Infections and Intoxications in Scotland, salmonellosis was the most important reported food-borne infection, accounting for 1,732 (84%) of 2,023 outbreaks of confirmed aetiology. Since 1985, Campylobacter has become the most frequently identified cause of gastro-intestinal infections in Scotland (25) , although it continues to be under-reported as a food-borne disease in the Surveillance Programme. During the period under review, salmonellae ranked second only to Campylobacter on the list of reported food-borne pathogens in England and Wales (1, 5) and in North America (7, 16, 22) .
Food-borne salmonella outbreaks affected 980 people per year, with a case fatality rate of 4.4 per 1,000. Less than 5 people were recorded as being involved in 1,483 (86%) of the salmonella episodes. In each of 20 general episodes, more than 50 people were involved, while 8 affected more than 100 people. The overall average number of individuals involved per salmonella incident (household and general) was 5.7. The average number of cases per episode in Scotland and in England and Wales is far below that recorded in most of Europe and North America, where the number of cases ranged from 28 to 69 (2, 10, 14, 19) . It is considered likely that in Europe and North America only large outbreaks are investigated and recorded.
Since 1980, poultry meat has remained the primary vehicle of salmonella outbreaks; the number of poultry meat-borne incidents was three times that of episodes associated with red meat. Reilly and colleagues (23) reported that between 1975 and 1984,11 outbreaks per year were associated with poultry meat. In the present study, an average of 33 episodes per year were associated with poultry meat. The inference is that there has been a three-fold increase in the annual incidence of poultry meat-borne incidents. Poultry meat was also shown to be the most important vehicle of food-borne salmonellosis in England and Wales (15) , as well as in Europe and North America (10,16).
The high incidence of poultry-borne salmonellosis seems related to the intensity of poultry production, and the speed and complexity of slaughter, processing and distribution. There is high level of contamination of carcasses at the processing plant, giving rise to a high proportion of contaminated carcasses at wholesale outlets (12, 13) . Thus, salmonellae are regularly introduced into the kitchen environment of private homes, hospitals, hotels and other public eating places (20) .
The increased incidence of outbreaks is also due to considerable changes in eating habits in the industrialised countries. In particular, there is an increased consumption rate of poultry meat. Poultry meat has become the cheapest animal protein available. Public awareness of the reported association between blood cholesterol levels and consumption of red meat has led to a shift from beef and pork to poultry meat consumption.
Eggs have become an increasingly important risk factor for food-borne salmonellosis. The number of outbreaks associated with eggs rose from only 6 between 1980 and 1987, to 17 in 1988-1989 . Reports in England and Wales and other industrialised countries also showed a similar increase in the number of incidents associated with eggs (3, 4) .
Incidence of milk-borne salmonellosis decreased during the study period. Between 1980 and 1984, a total of 36 milk-borne outbreaks were reported. However, between 1985 and 1989, only 13 episodes were milk-borne. This decrease in the incidence of milk-borne episodes, and the smaller number of individuals affected per outbreak in Scotland, followed the introduction in 1983 of legislation requiring compulsory heat treatment of cows' milk sold for human consumption (26) .
The reasons for the wide disparity in the numbers of salmonella outbreaks in the various Health Board areas are not clearly discernible. It seems unlikely that such factors as food habits and kitchen practices, consumption rates of poultry and red meat, and the sources of meat in wholesale or retail outlets, are sufficiently varied between the Scottish Health Board areas to produce differences in incidence rate of the magnitude revealed by the retrospective analysis. One possible explanation is that the disparity might reflect differing levels of interest and intensity of epidemiological investigation of food-borne episodes, especially in the notification of investigated incidents.
The rise in the number of S. enteritidis cases, particularly between 1985 and 1989, corresponded with a marked increase in the incidence of phage type 4, particularly in poultry products (meat and eggs). In 1988 and 1989, this phage type accounted for 21 (91%) of the 23 poultry meat-borne episodes caused by S. enteritidis. Of the 17 outbreaks associated with eggs in 1988-1989,14 (82%) were due to 5. enteritidis PT4.
As poultry products were shown to be the primary vehicle for food-borne outbreaks, the prevention of human incidents requires the elimination of salmonellae from broiler and layer flocks. Unfortunately, improvements on the farm and in processing plants have not had significant effects in reducing salmonella infection of the flocks and contamination of the final products. Efforts must continue to be exerted in order to reduce the level of salmonellae in the processing operation.
The vast majority of outbreaks recorded in the United Kingdom occurred in the home. Clearly, more intensive health education campaigns should be targeted not only at commercial and public caterers, but also at domestic kitchens. 
